Purpose Many cancer patients experience persistent fatigue after the completion of chemotherapy. A previous single-arm study provided evidence for an effect of acupuncture in this population. We conducted a randomized controlled trial to determine whether acupuncture reduces post-chemotherapy chronic fatigue more effectively than sham acupuncture. Methods Cancer patients reporting significant fatigue persisting for at least 2 months following the completion of chemotherapy were randomized to receive once weekly true or sham acupuncture for 6 weeks. Fatigue was evaluated before and after treatment using the Brief Fatigue Inventory (BFI, the primary endpoint). Secondary endpoints included the Hospital Anxiety and Depression Scale (HADS) and Functional Assessment of Cancer Treatment-General (FACT-G) scores. Results One hundred one patients were randomized with 74 (34 true acupuncture; 40 sham control) evaluated for the primary endpoint. BFI scores fell by about one point between baseline and follow-up in both groups with no statistically significant difference between groups. HADS and FACT-G scores also improved in both groups, but there was no significant difference between groups. Patients in the sham acupuncture group crossed over to receive true acupuncture in week 7. No long-term reduction of fatigue scores was observed at the 6-month evaluation. Conclusions True acupuncture as provided in this study did not reduce post-chemotherapy chronic fatigue more than did sham acupuncture. The study is limited by the number of patients lost to follow-up. We also cannot exclude the possibility that a more intensive treatment regimen may be more effective.
Introduction
An estimated 50-90 % of all cancer patients experience fatigue [5] . Although fatigue is most prevalent in patients undergoing chemotherapy or those with advanced disease, it is also a significant problem among cancer survivors [4, 8, 18] . Previous studies show that 30-40 % of breast cancer survivors continue to experience chronic fatigue years after the completion of chemotherapy, higher than comparable populations without prior chemotherapy [3, 13] . A more recent study showed that 31 % of breast cancer patients report fatigue at the end of treatment, with post-treatment fatigue continuing for 11 and 6 % of patients at 6 and 12 months, respectively [7] . Post-chemotherapy chronic fatigue has a major impact on the quality of life and health care utilization of cancer survivors [7, 18] .
Current management of cancer-related chronic fatigue includes correction of underlying medical conditions, nonpharmacologic treatment such as cognitive-behavioral interventions, lifestyle changes and exercise, and pharmacologic agents such as methylphenidate and dexmethylphenidate, modafinil, or corticosteroids [15] . As a complementary medicine modality, acupuncture also has been studied for the treatment of cancer-related fatigue.
A single-arm trial of 31 patients showed that 39 % treated with acupuncture for post-chemotherapy fatigue experienced a 40 % or greater improvement in fatigue scores [19] . A randomized three-arm feasibility study of 47 patients showed that 22 % in the acupuncture group, 15 % in the acupressure group, and 7 % in the sham acupressure group reported improvement of fatigue 2 weeks after the intervention period [16] . Seventy-eight percent of patients reported improvement of fatigue in a single-arm study of 16 patients undergoing non-palliative radiation therapy and treated with acupuncture [12] . Both acupuncture and sham acupuncture reduced fatigue scores in a randomized pilot study of 23 patients undergoing radiation therapy, although the difference between groups was not statistically significant [2] . In another feasibility study, acupuncture treatment combined with counseling significantly reduced fatigue more than usual care [9] .
The above clinical trials were either single-arm or feasibility studies not powered to answer the efficacy question. Thus, whether acupuncture is a viable treatment for cancerrelated fatigue remains unclear. Here, we report data from a randomized controlled trial powered to determine whether true acupuncture reduces post-chemotherapy fatigue more than sham acupuncture.
Methods

Study design
This study was approved by the Institutional Review Board at Memorial Sloan-Kettering Cancer Center (MSKCC). This single-center, randomized, sham-controlled study aimed to determine whether acupuncture treatment reduced fatigue in patients whose fatigue had persisted following completion of chemotherapy, as measured by the Brief Fatigue Inventory (BFI) [14] . Secondary objectives included determining the time course of acupuncture effects and to establish whether acupuncture impacts anxiety, depression, or general quality of life [1, 6] . Additionally, we aimed to examine the effects of acupuncture treatment on fatigue by age, sex, baseline fatigue, baseline depression, baseline anxiety, and baseline hemoglobin.
Study population
The inclusion criteria were: age 18-64 years, diagnosed with a malignancy and having completed a course of chemotherapy at least 60 days prior; fatigue following but not before chemotherapy; and a BFI score of 4 or above. Exclusion criteria were: hemoglobin <9 g/dL; platelets <50,000/μL; absolute neutrophil count <1,000/μL; baseline depression score on Hospital Anxiety and Depression Scale (HADS) >11; thyroid disorder, concurrent surgery, immunotherapy, or radiotherapy; initiation of hormonal therapy within the previous 3 weeks; acupuncture within the previous 6 weeks; and change in the use of serotonin reuptake inhibitors (SSRIs) in the previous 6 weeks or change in the use of opioids or non-SSRI antidepressants in the previous 3 weeks.
Patient accrual occurred from August 2004 to April 2009. Medical records and clinical databases of MSKCC patients were screened for complaints of fatigue. A recruitment letter was mailed. Eligibility of those who responded was determined, and informed consent was obtained before study enrollment.
Randomization
Patients were randomly assigned to true or sham acupuncture via fax to a central randomization service. Randomization was implemented using a secure, password-protected database, ensuring full allocation concealment. Randomization was in randomly permuted blocks stratified by baseline BFI>6.
Blinding
Patients and evaluators, but not study acupuncturists, were blinded to group assignment. Patients were asked about their beliefs to group assignment to assess the adequacy of blinding.
Intervention
Patients received treatment once a week over 6 weeks for a total of 6 standardized treatment sessions. The acupuncture treatment style and points (Table 1) were based on our pilot study [19] . They were derived from traditional Chinese medicine theory and a consensus panel of expert MSKCC acupuncturists. In the true acupuncture group, single-use, sterilized, disposable filiform acupuncture needles were used. These are made from stainless steel and range from 1/2″ to 3″ long and 32-38 G in width, Seirin or Tai Chi brand. A total of 14 needles were inserted 0.5-1″ deep into the skin at predefined points. Attempts were made to obtain "de qi" needle sensation, a sense of warmth, heaviness, or aching at the point of needle insertion. Needles were stimulated manually and retained for 20 min.
Sham acupuncture was performed exactly as was true acupuncture, except for the use of sham acupuncture needles and points that were a few millimeters off the meridians and away from the points used in true acupuncture. The sham needles were blunt-tipped needles that move up inside their handle when pressed against the skin [17] . The patient would feel a slight prick and see the handle of the needle moving towards the skin as if the needle had been inserted. However, the needle did not penetrate the skin and instead moved upward into the handle. The sham needle, manufactured by AsiaMed, has low physiologic activity and high patient credibility, and has been successfully implemented in a published randomized trial [11] .
Patients were informed that they would receive either true or sham acupuncture, that both would look and feel similar, but that the sham needles were placed slightly away from true acupuncture points. All MSKCC acupuncturists are licensed by the New York State Education Department, trained in human-subjects research, and certified by the National Certification Commission for Acupuncture and Oriental Medicine with a minimum of 3 years of practice experience.
Outcome evaluation
The following outcome measures were recorded: BFI [14] , HADS [1] , and Functional Assessment of Cancer Treatment-General (FACT-G) scores [6] , and hemoglobin. The day of the first acupuncture session was designated day 1. Outcome evaluations occurred on day −14 and −7 for BFI and FACT-G (the mean scores were used as baseline scores), and again on days 42 and 49 (post-intervention values). The primary endpoint was the mean of day 42 and day 49 BFI scores. Data from patients randomized to sham acupuncture were evaluated if BFI scores could be obtained from them on days 42 and 49. HADS scores were collected on days −14 (baseline) and 42 (post-intervention). All data were analyzed based on the intent-to-treat principle (see Fig. 1 ; CONSORT chart). Patients randomized to sham acupuncture were given the option of receiving true acupuncture after completion of post-treatment questionnaires. Patients who crossed over were followed and evaluated in the same manner as patients randomized to true acupuncture. BFI scores were calculated at 6 months after the start of true or sham acupuncture to determine the effects of acupuncture treatment over time. Adverse events were assessed according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.
Statistical analyses
All statistical analyses were performed using Stata 11.1 (Stata Corp., College Station, TX) and were based on the intent-to-treat principle for all patients who had evaluable outcome data. Sample size was calculated using data from our pilot study [6] . We specified a minimum clinically significant difference of 1.25 on the BFI, an estimated A cun is an acupuncture measurement equivalent to the width of the patients thumb at the distal phalanx a Patients at risk for lymphedema were not needled in the affected limb 20 % relative difference between groups, and estimated that we required 44 patients per group for an alpha of 5 % and a power of 90 %. The primary analysis was the betweengroups comparison of the mean of the two post-treatment BFI scores (days 42 and 49) by analysis of covariance (ANCOVA) with mean baseline BFI scores (days −14 and −7) as covariates. Between-groups comparisons of posttreatment HADS depression and HADS anxiety were conducted by ANCOVA with treatment groups and baseline scores as covariates.
Results
A flow chart for the study is provided in Fig. 1 . A total of 1,006 patients were assessed for eligibility; 101 met eligibility criteria and agreed to participate in the study. Forty-nine were randomized to the true acupuncture group and 52 to the sham acupuncture group. A total of 98 patients received the allocated intervention: 47 in the true acupuncture group, 1 of whom inadvertently received sham acupuncture but was evaluated with the true acupuncture group; and 51 in the sham acupuncture group, 1 for whom data were never included in any analyses. Thirty-seven of 50 patients in the sham acupuncture group crossed over to true acupuncture after the initial 6-week treatment period. Seventy-four patients (34 in the acupuncture group and 40 in the sham group) completed post-treatment questionnaires and were evaluable for the primary endpoint.
Patient characteristics are listed in Table 2 . Patient age was similar between the acupuncture and sham groups (median 54 vs 53, respectively). Most patients were women experiencing chronic fatigue after breast cancer treatment. Most patients received all six cycles of treatment (89 % in the acupuncture group and 92 % in the sham group). Patients' beliefs about treatment allocation are given in Table 3 . Although slightly more patients in the sham group believed that they were receiving sham treatment, the difference between groups was not statistically significant (p= 0.13, chi-squared test). A total of 11 serious adverse events occurred during the study period, including bronchospasm (1), low blood counts (1), renal failure (2), secondary malignancy (1), nausea (1), vomiting (2), small bowel obstruction (1), dyspnea (1), and back pain (1) . None of these events was deemed related to the study interventions because of the timing and characteristics of the symptoms, as well as the apparent alternative explanations for them.
The principal results of the trial are listed in Table 4 . In both groups, fatigue scores fell by about 1 point between baseline and post-intervention follow-up, with no statistically significant differences between groups. The upper bound of the 95 % confidence interval (CI) for the acupuncture effect was 0.66 points. As such, we can rule out acupuncture having an effect much above sham for the treatment of chronic post-chemotherapy fatigue. Results were similar for the endpoints of depression, anxiety, FACT-G, and FACT-G subscales with similar effects in both groups and no statistically significant differences between groups. There were no large long-term changes in fatigue after treatment. Six-month fatigue scores were provided by 36 patients in the acupuncture group and 28 patients in the sham group who crossed over to true acupuncture. Mean scores immediately after true acupuncture (4.7, SD 1.94) were almost unchanged at 6-month follow-up (4.6, SD 2.32: difference over time −0.14; 95 % CI −0.84, 0.56; p=0.7).
We tested interaction terms between treatment allocation and baseline depression, anxiety, fatigue, hemoglobin, gender, and age, but saw no evidence that acupuncture effects varied by any baseline characteristic (p>0.05 for all analyses).
Discussion
Post-chemotherapy chronic fatigue impacts a significant number of cancer survivors. Despite the availability of multimodal management guidelines, many patients continue to experience persistent fatigue many years after completion of chemotherapy. Additional treatment options are needed. Acupuncture as a complementary medicine modality has been investigated as a treatment for postchemotherapy chronic fatigue. Previous studies were limited by their single-arm or pilot nature. We conducted a randomized sham-controlled trial that was adequately powered to detect a clinically meaningful improvement of fatigue. In this study, both acupuncture and sham acupuncture led to small improvements in fatigue scores with no statistically significant differences between groups. Our findings are similar to those found in another randomized controlled pilot trial conducted by other investigators [2] .
Conversely, previously reported single-arm studies or those comparing acupuncture with usual care or sham acupressure tend to show significant reduction in fatigue from acupuncture [9, 12, 16, 19] .
There are several possible explanations for these findings. First, regression to the mean may have occurred. The severity of fatigue can fluctuate over time. When patients were assessed at the time of recruitment, they may have been experiencing more severe symptoms than usual. Over the course of the next 6-8 weeks, their symptoms may have improved despite rather than because of the intervention. In 
Values are median (IQR) or frequency (%)
CNS central nervous system, HEENT head, eyes, ears, nose and throat, IQR interquartile range A second possibility is that the small reduction of fatigue resulted equally from the placebo effects of both true and sham acupuncture. Assessment of blinding indicates that patients randomized to true acupuncture appeared adequately blinded to group assignment, whereas those randomized to the sham group appeared less fully blinded. If the reduction of fatigue occurred from a placebo effect, one would expect less effect in the sham group, as fewer patients in this group thought they had received true acupuncture. Because the two groups experienced similar degrees of symptom reduction, a placebo effect appears to be a less likely explanation.
A third possibility is that sham acupuncture is not entirely inert. In this study, patients in the sham group still received skin stimulations at points close to the true acupuncture points. If skin penetration and "de qi" sensation are not essential to the effect of acupuncture, skin stimulation per se may also have a small therapeutic effect. Therefore, the difference in effect size between groups becomes smaller and not statistically significant at this sample size. This possibility is supported by results of a randomized trial using a sham acupuncture technique similar to that used in the current study, that was superior to an inert pill used for the treatment of pain [10] . However, even ignoring the small differences between groups, the results must be seen as unimpressive for acupuncture. It is not likely that most patients would willingly undergo repeat acupuncture treatments for the minor benefit of a one-point reduction in fatigue scores, nor is it likely that acupuncture professionals would recommend further courses of treatment.
Our study has the following limitations. First, a nontrivial number of patients (13 in the acupuncture group, 11 in the sham group) did not complete questionnaires at posttreatment follow-up. This may indicate that patients did not experience noticeable improvement, and thus lost interest in continuing the study, or that they felt the burden of coming in for acupuncture was not justified by the minimal symptom reduction they experienced.
The second study limitation is that our acupuncture regimen (once weekly for 6 weeks) may not be intensive or long enough for post-chemotherapy fatigue, which is a chronic, well-entrenched symptom. More intensive (e.g., 3 times weekly) or longer (e.g., 12 weeks) acupuncture regimens may result in a larger effect size. We limited the number and frequency of sessions because we felt that the planned intervention would be sufficient, and that intensive, long acupuncture regimens are impractical in a tertiary referral center in a large city, given the travel requirement and costs.
We also noted difficulties in recruiting patients for a study focusing on cancer-related fatigue, a supposedly common problem. Many patients we approached, although reporting fatigue, were not willing to make the commitment of time and effort in order to get the treatment offered in the trial. This finding echoes a recent report that cancer-related fatigue is common but generally runs a self-limiting course. The previously reported high rates of persistent cancerrelated fatigue may be attributable to factors unrelated to the cancer or its treatment [7] .
In summary, we found that both true and sham acupuncture reduced fatigue by a small amount in this study, with no statistically significant difference between groups. The reduction did not reach the predefined level of clinical significance. We conclude that acupuncture as provided in this study is unlikely to be a viable clinical option in the management of post-chemotherapy chronic fatigue. The study is limited by the number of patients lost to follow-up. We also cannot exclude the possibility that a more intensive treatment regimen may be more effective.
